Coloured bowl trapping is a passive sampling method which catches insects through a combination of interception and attraction. The method is commonly used for Aculeata, especially bees. The objective of the present study is to determine a reliable sampling interval for aculeates using bowl traps since an appropriate sampling interval is important to enable the collection of representative samples in Neotropics. For this purpose we installed eight bowl traps in a forest fragment in Southern Brazil, during one year, to compare the sampled diversity in twice and once-a-month sampling interval. We confirmed the general expectation that increasing the sample size results in a proportional greater sampling of the community. Different sampling intervals have a weak impact in rarefaction curves, as these do not reach the asymptote in any cases, and Shannon diversity index was considered statistically equal. Under our results, the twice-a-month interval was considered better than monthly sampling intervals only when we compare the extrapolation data (estimators and extrapolation curve) for Aculeata. The Shannon diversity index and the estimated species number (rarefaction) were considered the same among the treatments, so we cannot suggest a reliable sampling interval from these data. Keywords: Apoidea; bees; ecology; sampling effort.
INTRODUCTION
Documenting a region's species richness is of crucial importance for the conservation and management of biodiversity (COLWELL & CODDINGTON, 1994) . Richness estimation, as other assemblage metrics, is strongly linked with sampling methodology and is influenced by the target group, habitat type and study goal (NIELSEN et al., 2011) . The traditional sampling method for flying aculeates (non-Formicidae) is hand-netting, since trap-based methods are frequently viewed as less efficient (CANE et al., 2001; LAROCA & ORTH, 2002) . While hand-netting is considered effective for representativeness this method does not ensure comparability, a desirable issue for monitoring programs (MARTINS et al., 2013) and conservation studies (e.g., GIBB & HOCHULI, 2002; CALVILLO et al., 2010; GONÇALVES et al., 2014) .
Coloured bowl traps (also referred as pan or Moericke traps) is one of the most commonly-used techniques to sample aculeates, particularly bees (ABRAHAMCZYK et al., 2010) . Bowl trapping is a passive sampling method, with no collector bias (LEONG & THORP, 1999) , which catches insects through a combination of interception and attraction (VRDOLJAK & SAMWAYS, 2012) . Bowl traps are also easily replicated (WESTPHAL et al., 2008) and allow sampling multiple transects simultaneously (KRUG & ALVES-DOS-SANTOS, 2008; DROEGE et al., 2010) . Studies on bowl trap methodology have focused in different colour preferences (e.g., ABRAHAMCZYK et al., 2010; HENEBERG & BOGUSH, 2014; MOREIRA et al., 2016) , and only one study compared diversity and richness under different sampling intervals. Banaszak et al. (2014) found more bee species using weekly sampling intervals during the flowering season in Poland, ensuring the collection of about 75% of estimated species number. However, studies in tropical regions with a more continuous and extended plant blooming pattern are completely lacking.
With the need of an unbiased method to sample local flying aculeate fauna for comparative studies, the objective of the present study is to determine a reliable sampling frequency of aculeates using bowl traps to enable the collection of representative samples. For this purpose, we compare Aculeata diversity statistics between twice-a-month (fortnightly) and once-a-month sampling intervals for assemblages in a fragment of Semidecidual Seasonal Forest, Southern Brazil.
MATERIAL AND METHODS
This study was conducted in a 4.65 ha forest fragment in the western portion of Paraná State (Brazil), around the UTM coordinates -24.292846S, -53.842143W. Originally, the area was entirely covered by Semidecidual Seasonal Forest, a formation typical of the inland vegetation of the Brazilian Atlantic Forest biome. Currently the fragment belong to the campus of Universidade Federal do Paraná inside Palotina municipality and is surrounded by campus buildings.
Sampling was carried out in the warmer period of the day, between 9 A.M. and 3 P.M., from June 2014 to May 2015, twice-a-month, for a total of twenty-three sampling days (June was sampled only once). In each sampling day eight bowl traps were arbitrarily installed on the field at the edge of the fragment. The sampling details were selected to be comparable to other studies in Palotina (GONÇALVES et al., 2014) . We used plastic food bowls, blue and yellow, with 14.5 cm of diameter at the upper borders, 10 of diameter in the mid portion, and 6 cm in height, filled one third of its volume with diluted detergent-water solution. The bowl traps were placed on the ground, alternated by colour and spaced 10 m apart from each other. The sampled Apidae, Crabronidae, Pompilidae, and Vespidae were sorted to species and are deposited in Entomological Collection "Pe. Jesus Santiago Moure" (DZUP), Departamento de Zoologia (UFPR, Curitiba, Brazil).
We created three analysis datasets, the first used all samples from the 23 sampling days and represented the twice-a-month sampling interval (twice) using data from 184 individual bowl trap samples (table 1) . The second and third analysis datasets were monthly subsets of the whole data set. For the second dataset we randomly selected one sampling day by month (random) and for the third dataset we selected the warmer sampling day by month (warmer). For each dataset we calculated the following diversity statistics: observed richness (S), abundance (N), Shannon diversity index (H), Chao-1 and Jack-1 species estimators. The sampling intervals statistics were compared with randomization tests (bootstrapping and permutation) using the Compare Diversity Module. The analyses were carried out with PAST statistical software package (HAMMER et al., 2001) . Sample based interpolation (rarefaction) and extrapolation curves (COLWELL et al., 2012) were estimated with EstimateS9.1, the confidence intervals were used to compare the curves. Apidae assemblages were also analyzed alone due to their high richness and abundance among the treatments. Sampling success was measured by the ratio of effective samples (those with more than 0 individuals) and total samples.
RESULTS
We collected 125 individuals of 39 species of Aculeata with most species (24) belonging to Apidae followed by seven Pompilidae, four Crabronidae and four Vespidae species (tables 1-2). The sampling success of pan trapping varied from 35% to 42% for all datasets and all taxa analyzed (table  1) . From the 23 sampling days, two did not sample any Aculeata, September and November 2014 (table 2). The ratio of species and individuals by trap unit was about 0.6 and 1.8 for Aculeata and 0.35 and 1.4 for Apidae (table 1) . Table 1 -Diversity statistics for three sampling intervals, twice-a-month, once-a-month (random and warmer sampling days). Effective number of samples and % of total (under parenthesis), S = total species number and by trap (under parenthesis), N = total number of individuals and by trap (under parenthesis), H = Shannon diversity index (lower and upper 95% confidence interval), Chao-1 and Jack-1 (mean) estimators. The twice-a-month sampling interval presented higher values of observed richness and abundance which are statistically different from those of once-a-month intervals (p<0.05 for bootstrapping and permutation). The Shannon index was higher for twice-a-month interval but the confidence interval overlapped among the sampling intervals, except in the case of warmer and twice-a-month datasets for Aculeata (table 1) . These patterns diversity statistics were the same for Aculeata and Apidae.
On twice-a-month interval Chao-1 and Jack-1 estimated 67 and 59 aculeate species, and 38 and 36 bee species respectively. Comparing these values with observed richness, the twice-a-month interval accounted for about 60% of the estimated Aculeate species and 65% of the bee species while the once and warmer datasets accounted for about 39% of the estimated Aculeate and bee species. The richness extrapolation of once-a-month interval presented lower values than those of observed richness in twice-a-month interval. Most of values of estimated richness for the once-amonth sets were lower than the observed richness of twice-a-month interval.
The rarefaction and extrapolation curves were still rising until 500 samples (figures 1-2), including the observed number of samples (the smallest reference sample was 34), stabilizing only with the extrapolation of more than 600 samples. For Aculeata the confidence intervals overlap under the observed number of samples but do not after 200 samples when twice-a-month interval extrapolates a higher number of species. For the bees the confidence intervals overlap for all samples. In both cases the confidence interval of twice-a-month interval was greater than those for once-a-month intervals. No differences between random and warmer once-a-month datasets were found for any of the diversity statistics analyzed here. 
DISCUSSION
The sampling sufficiency, measured by the asymptote of interpolation curve and the proportion observed and estimated species (Chao-1 and Jack-1), was not reached for any interval in spite of the higher values from twice-a-month. The rarefaction and extrapolation curve approach shows difference between the sampling intervals only for the extrapolation of Aculeata richness. We understand that the no difference on observed richness can be attributed to the sampling insufficiency. The twice-amonth proportion of observed and estimated number of species (60%) is lower than the 65% obtained by Banaszak et al. (2014) but the percentage of the once-a-month subsets (39%) can be considered very low and therefore non representative of the community. The same overall pattern described here for aculeates was observed for bees, the most common group within the samples.
The general expectation that increasing the sample size results in collection of a greater proportion of the community (WILLIAMS et al., 2001; BANASZAK et al., 2014) is confirmed here when we analyzed the observed richness and abundance. Shapiro et al. (2014) suggested that the optimal sample number for bee bowl sampling transects is 30 bowls but the effect of sample number has not been tested in the neotropics, then our results can be considered not reliable in terms of sample number alone. But even considering that a high number of samples can retrieve a larger proportion of aculeate community, the sampling interval remains crucial to deal with phenology because the insect communities are strongly affected by seasonal and interannual fluctuations (OERTLI et al., 2005) . Banaszak et al. (2014) suggested bee sampling in small intervals during the period with higher activity -the flowering season. In the temperate region, with well defined annual seasonality, the flowering season occurs in a restrict period (e.g., WILSON et al., 2008; GRUNDEL et al., 2011) but in the tropics there is no well defined flowering season. Hand-netting sampling usually follow the entire year (LAROCA & ORTH, 2002) and Cure et al. (1991) suggested to collect in the period with highest abundance and richness only to optimize the collection effort. Here the Aculeate assemblage had a tendency to higher richness in Spring and Summer but singletons occurred along the entire year (table  2) . About 50% of species sampled during the twice-a-month interval are singletons (19 species), a high number if compared with 16-42% reported by Williams et al. (2001) for bees from different localities. Again, this difference could reflect a tropical influence, since the frequency of singletons is anomalously high in most large tropical arthropod surveys (CODDINGTON et al., 2009) . Presented results partially reflect the effects of the climate in the region, without well defined seasons when compared to the northern hemisphere.
The studies of Schirmel et al. (2010) and Banaszak et al. (2014) included the weakly sampling interval in their studies which was considered by both as more effective for bees and we believe the same would result at our study site. However, weekly sampling is extremely time-consuming for studies that have annual duration, considering 52 weeks in a year as weekly sampling more than quadruplicate the monthly sampling effort. Examining the sampling design of Gonçalves et al. (2014) , we noticed that a total 3,480 bowl trap samples were utilized to compare five fragments with different sizes under once-a-month sampling interval. In this particular case a weekly sampling interval would require more than 15 thousand samples! This great number needs a great field effort and also intense laboratory work with specimen pinning, databasing and identification.
Under our results, the twice-a-month interval was only considered better than monthly sampling intervals when we compare the extrapolation data (estimators and extrapolation curve) for Aculeata. The Shannon diversity index and the estimated species number (rarefaction) were considered the same among the treatments, so we cannot suggest a reliable sampling interval at this point. Therefore, giving this evidence, the twice-a-month interval should be preferable only for the objectives that deal with phenology due to the expectation that a short interval maximizes the chance to sample short time flying wasps. We strongly suggest the need of more investigation about sampling interval effect on Neotropical aculeate assemblages, with larger sample number and on different forest covers.
